A fundamental premise of absolute poverty lines is that they represent the same level of utility through time and space. Disturbingly, a series of recent studies in middle and low-income economies show that even carefully derived poverty lines rarely satisfy this premise. This paper proposes an information theoretic approach to estimating cost of basic needs (CBN) poverty lines that are utility-consistent. Applications to date illustrate that utility-consistent poverty measurements derived from the proposed approach and those derived from current CBN best practices often differ substantially with the current approach tending to systematically overestimate (underestimate) poverty in urban (rural) zones.
. We focus on the CBN approach, which estimates the cost of acquiring explicit basic consumption bundles.
Early applications of the CBN approach constructed poverty lines based on a single national consumption bundle, evaluated at region-specific prices. In many instances-for example, if relative prices of basic commodities vary by region (or through time) and preferences permit substitution-the use of a single consumption bundle may yield inconsistent poverty comparisons (Tarp et al., 2002) . To address this issue, recent literature emphasizes regionspecific bundles as well as region-specific prices when setting CBN poverty lines (Tarp et al., 2002; Mukherjee and Benson, 2003; Gibson and Rozelle, 2003; Ravallion and Lokshin, 2006; Datt and Jolliffe, 2005; MPF/IFPRI/PU, 2005) . In addition to potentially addressing the consistency problems arising from use of a single bundle, multiple bundles also enhance specificity by helping to ensure that the reference consumption bundle in a region is relevant to poor consumers in that region. However, as is well known, the use of multiple bundles does not automatically resolve the issue of consistency. In particular, how does one ensure that each of the region-specific CBN consumption bundles provides the same level of utility? Gibson and Rozelle (1999) suggest application of revealed preference tests in an analysis of data from Papua New Guinea.
Subsequently, revealed preference tests have also been applied to data from Egypt (this paper), Mozambique (GoM/IFPRI/Purdue, 2004 for two separate household surveys), and Russia (Ravallion and Lokshin, 2006) . As will be discussed in greater detail in the next section, satisfaction of revealed preference conditions is the exception rather than the rule. Ravallion and Lokshin (2006) propose a scalar adjustment process to reconcile the bundles with revealed preference theory, but note that there is no guarantee that such a scalar adjustment exists; indeed, it does not exist for the Russian data in their study.
In short, poverty analysts face a quandary particularly in developing country environments where relative prices, and hence consumption patterns, can vary significantly through time and/or space. Use of a single bundle is often unsatisfactory both from the perspective of consistency and specificity. The obvious solution is to develop multiple bundles.
However, attempts to develop multiple bundles using current best practice typically result in bundles that are demonstrably utility inconsistent, thus violating the fundamental premise that poverty lines should represent the same level of welfare.
In this paper, we introduce an information theoretic approach for estimating utilityconsistent poverty lines, and provide examples of the approach using survey data from Egypt and Mozambique. The method makes full use of the information available on consumption patterns from the survey data, while at the same time ensuring that the poverty line bundles are consistent with revealed preference conditions. The approach is feasible even when the scalar correction proposed by Ravallion and Lokshin (2006) does not exist, and thus provides a general approach to ensuring the consistency of poverty comparisons across population sub-groups or over time.
The paper is organized as follows. Section 2 outlines the theoretical underpinnings of poverty lines, using the framework of constrained utility maximization. Section 3 presents a method, based on information theory, for reconciling CBN poverty lines with revealed preference conditions. Section 4 briefly describes the methods used to estimate CBN poverty lines in Egypt and Mozambique, and evaluates the utility consistency of the poverty lines.
Section 5 presents adjusted poverty lines that are utility-consistent. This section also discusses the extent of changes in measured poverty when the utility-consistent poverty lines are employed. Section 6 summarizes and provides concluding remarks.
II. Poverty lines and utility consistency
Poverty lines may reflect notions of either absolute poverty or relative poverty. The wellknown dollar-a-day (adjusted for purchasing power parity) poverty line is an example of the former, while the European Union's benchmark of 60% of national median income is an example of the latter. Although many of the arguments and methods presented in this paper apply to both types of poverty lines, the focus here is on absolute poverty. The concept of absolute poverty posits that there is a minimum acceptable standard of living, below which one is considered poor and above which one is considered nonpoor. Furthermore, unlike basic needs vectors that define poverty based on attainment of specific needs (e.g., food, housing, education), poverty lines measure, in monetary terms, the level of resources required to meet basic needs.
When comparing levels of absolute poverty between sub-groups of a population, it is essential that the reference standard of living is fixed over the domain (spatial or temporal) of the comparison. Ravallion (1994 Ravallion ( , 1998 and Ravallion and Bidani (1994) refer to this property as consistency: two individuals at the same welfare level should be considered equally poor.
Another desirable characteristic of poverty lines is termed specificity, meaning that the poverty line should reflect local perceptions of what constitutes poverty (Ravallion and Bidani, 1994) .
Poverty lines are sometimes criticized as arbitrary dividing lines that transform the continuum of individual welfare into unrealistically discrete states of poor and nonpoor (Deaton, 1997; Sahn, 2001) . Such criticism often overlooks the important role poverty lines play as price or cost-of-living indices that permit interpersonal welfare comparisons (Ravallion, 1998) .
Stochastic dominance methods, which make poverty and welfare comparisons over a wide range of plausible poverty lines can give a more complete picture than that obtained from a single set of poverty lines (Atkinson, 1987 ). Yet, stochastic dominance analysis requires that the same welfare metric is used for comparing populations or sub-groups. This is typically accomplished by mapping nominal consumption to real consumption using indices derived from poverty lines, also known as the welfare ratio (Blackorby and Donaldson, 1987) .
The theory underlying absolute poverty lines is grounded in welfare economics and constrained utility maximization. In this context, the fixed standard of living represented by the poverty line is viewed as a level of utility associated with the minimally acceptable standard of living. We follow the approach of Ravallion (1998) and Ravallion and Lokshin (2006) , which considers household i in sub-group j. The household has a vector of household characteristics x ij , and household preferences are represented by a utility function u j (q ij , x ij ). The household chooses a consumption vector q ij that maximizes utility given its characteristics and preferences.
The household's expenditure function is written e j (p ij , x ij , u), and is defined as the minimum cost of achieving utility u in sub-group j given prices p ij and household characteristics x ij . The expenditure function permits mapping welfare from utility terms to a money metric. Specifically, the set of utility-consistent poverty lines associated with attaining the minimum acceptable standard of living, indicated by utility u z may be written:
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The CBN poverty lines will be utility-consistent if the underlying bundles of goods are on the Hicksian utility-compensated demand functions and hence yield the same level of utility u z .
Unfortunately, there are significant practical difficulties to ensuring that multiple bundles yield the same or even approximately the same level of utility. The theory of revealed preferences provides a framework for countering these difficulties.
The theory of revealed preferences applies the restrictions on rational consumer behavior postulated in microeconomic theory without imposing any specific form for preferences on individual behavior. Revealed preference restrictions rely on the assumption that consumers prefer consuming more rather than less (non-satiation) (Varian, 1992) . To begin, assume identical consumers who prefer more to less and whose preferences are defined on I [
commodities with each consumer living in a distinct spatial domain, r, among the set of spatial domains R [ R r ∈ ]. We instruct these consumers to spend the minimum necessary in order to attain the same arbitrary level of utility. Prices potentially differ across spatial domains. Under these conditions, the following revealed preference conditions will hold:
where r' represents an alias index for the set of spatial domains R [ R r r ∈ ' , ] and the variables p and q represent prices and quantities, respectively.
The logic behind this set of restrictions is as follows. For a given spatial domain r, the representative consumer in r has the opportunity to choose any bundle that delivers the required utility level. As this consumer is rational and prefers more to less, she will choose a cost minimizing bundle, q r . By cost minimization, the cost of any other bundle that delivers the same level of utility, evaluated at prices p r , must be at least as much as the cost minimizing bundle.
Since, by assumption, the selected bundle in each spatial domain delivers the same utility level, condition (3) must hold for all possible pairs of spatial domains.
It is illuminating to consider the contrary case: suppose the inequality in (3) fails to hold for some region pair (r and r'), yet preferences are still identical across regions. When both bundles are evaluated at prices p r , a rational consumer would only choose a more expensive bundle, q r , over an alternative bundle, q r' , if the chosen bundle yields higher utility. In this case, the maintained hypothesis of constant utility levels across bundles is rejected; in other words, the bundle, q r , is revealed preferred to the alternative bundle, q r' . Failure of condition (3) is also possible if preferences are not identical across regions.
The application of conditions such as those outlined in (3) to a group of bundles designed to represent the standard of living associated with a poverty line for particular spatial domains or particular points in time is both straightforward and highly attractive. As Ravallion and Lokshin (2006) point out, the revealed preference conditions in (3) are necessary but not sufficient conditions for identical preferences. It is possible that the representative consumers mentioned above could have different preferences, yet all revealed preference conditions could still be satisfied. Rather than identical preferences, satisfaction of revealed preference conditions indicates the existence of a coherent preference set that rationalizes the observed behavior (Varian, 1992) .
For the purposes of poverty analysis, this is arguably a highly attractive feature of revealed preference conditions. Meeting revealed preference conditions does not impose identical preferences across regions or through time. However, for the conditions to be satisfied, the observed behavior must be consistent with a set of rational preferences. Consistency with some arbitrary unknown preference set would appear to be a minimum condition for making the welfare comparisons that are fundamental to poverty analysis. Revealed preference conditions require this minimum and no more. 
III. Entropy estimation
When confronted with failure of revealed preference conditions despite every effort at careful construction of the bundles, we posit that the poverty analyst has, in fact, reached a familiar juncture in experimental science. The analyst has used all available information to construct the bundles, yet the bundles fail to meet the minimum conditions necessary for making valid welfare comparisons. As all information has already been incorporated into the construction of the original bundles, no additional information exists, by definition, on which to base adjustment of the bundles in order to conform to revealed preference conditions. This situation is regularly encountered in diverse areas of enquiry. Consider the following examples. (i) Despite careful collection of all available data following a year of economic activity, the national accountant is invariably confronted with a situation where the raw data fail to respect basic macroeconomic identities.
(ii) Having carefully collected data on the motion of particles, the physicist notes that these data do not completely respect accepted rules of motion.
(iii) A crime lab receives a photo of the license plate of a car fleeing the scene of a robbery.
Unfortunately, the image is blurry and the license plate cannot be read.
In all of these cases, the signal, despite the best attempts at observation, is noisy and fails
to conform to what is required to be true. National accounts must respect basic macroeconomic identities. In order to make credible inferences, the physicist's data must conform to basic laws of motion. The license plate photo does not conform to what must be true about the license plate in question (e.g., the shape is rectangular with particular dimensions, the letters and numbers written on the plate are in block form, etc.). In all of these cases, relevant additional information would, without doubt, be useful. However, information is, at least for practical purposes, finite.
At some point, the analyst is forced to obtain a coherent picture from the available information.
Increasingly, entropy estimation is being employed to accomplish this objective.
Entropy approaches to estimation are motivated by information theory and the work of Shannon (1948) , who defined a function to measure the uncertainty, or entropy, of a collection of events, and Jaynes (1957a, b) , who proposed maximizing that function subject to appropriate consistency relations, such as moment conditions. The maximum entropy (ME) principle and its sister formulation, minimum cross entropy (CE), are now used in a wide variety of fields to estimate and make inferences when information is incomplete, highly scattered, or inconsistent (Kapur and Kesavan, 1992) . The basic philosophy of entropy estimation is to use all available information and no more.
In economics, the ME principle has been successfully applied to a range of estimation problems where limited data or computational complexity hinder traditional estimation approaches. Theil (1967) provides an early investigation of information theory in economics. Mittelhammer et al. (2000) provide a recent textbook treatment which is focused more tightly on the ME principle and its relationships with more traditional estimation criteria such as maximum likelihood. A special issue of the Journal of Econometrics edited by Golan (2002) focused on cutting-edge applications of the entropy principle.
In general, information in an estimation problem using the entropy principle comes in two forms: (1) theoretical or empirical information about the system that imposes constraints on the values that the various parameters to be estimated can take, and (2) prior knowledge of likely parameter values. In the first form, the information is applied by specifying constraint equations in the estimation procedure. In the second, the information is applied by specifying a discrete prior distribution and estimating parameters by minimizing the entropy distance between the estimated and prior distributions-the minimum cross entropy (CE) approach. The prior distribution does not have to be symmetric and weights on each point in the prior distribution can vary. If the weights in the prior distribution are equal (e.g., the prior distribution is uniform), then the CE and ME approaches are equivalent.
The entropy framework also supports statistical inference (Imbens, 1997) . However, for most applications, the real power of the framework is that it makes efficient use of scarce information in estimating parameters. As stated by physicists Buck and McAulay (1991) , "the intention is to give a way of extracting the most convincing conclusions implied by given data and any prior knowledge of the circumstance."
While the philosophy of entropy estimation and the properties of entropy estimators fill volumes, the actual empirical application of the entropy procedure is relatively simple. For the present purposes of obtaining utility-consistent bundles, one solves the following constrained minimization problem. 
subject to:
where notation is carried forward from condition (3), which has now become constraint (4a).
New or revised notation is as follows: i' an alias index for i.
Equation (4) is the minimum cross entropy objective. 2 The problem treats the expenditure shares from the original bundle as providing prior information on consumption patterns in the particular region or point in time. Prior information in the minimum cross entropy framework classically comes in the form of probabilities associated with a discrete distribution. In the problem at hand, the expenditure shares are viewed as the probability that an arbitrarily small quantity of currency will be devoted to the purchase of good i. The objective minimizes the entropy distance between the adjusted and original budget shares. To satisfy the revealed preference constraints, the composition of the bundle-and consequently, the values of the budget shares-may need to be altered. In brief, the optimization problem seeks to find, for each location or time period r, vectors of quantities that satisfy revealed preference conditions and that preserve, to the greatest degree possible, the information content in the original budget shares.
The objective (4) is strictly convex. If all constraints were linear, the optimal solution would be a unique global minimum. However, as constraint equation (4b) is non-linear, the possibility of local optima must be admitted unless a proof of uniqueness, within the relevant range of the solution set, can be devised. Pending a proof, standard numerical methods associated with non-linear estimation (such as alternative starting values for variables and alternative algorithms for finding optimal solutions) should be employed to avoid local optima.
Also, note that equations (4a) and (4b) are both relative constraints which could hold for an infinite number of bundles. In order to determine a solution, at least one normalization equation is required. In the formulation above, equation (4c) Two additional comments are worthwhile. First, for the minimization problem presented in (4), the minimum possible value for the objective function is zero (Golan et al., 1996) . This occurs when the adjusted shares equal the original shares. Consequently, the scalar correction approach suggested by Ravallion and Lokshin (2006) will be the solution to the minimization problem in (4), if feasible, as it leaves the original budget shares intact (assuming the same single equation normalization procedure). Second, other constraints can easily be added. For example, in keeping with CBN standard practice, the analyst might wish to link calorie requirements in each region with the calories provided by the final bundle. We return to these issues in a later section.
IV. Poverty lines in Egypt and Mozambique
This section describes the household survey data from Egypt and Mozambique that is used in the empirical application of estimating utility-consistent poverty lines. It also outlines the approach used to estimate the original region-specific CBN poverty lines, and provides tests showing violations of revealed preference conditions for the food poverty lines in both countries.
Data
The Egypt data are from the Integrated Household Survey (IHS) that was conducted from 
Setting CBN Poverty Lines
Egypt and Mozambique were chosen for the present analysis in part because very similar methods were used to estimate CBN region-specific poverty lines in each country. Each was divided into regions based on similarities and differences in prices faced for basic commodities and consumption patterns among the poor. Adequacy of sample size in each region was also a consideration. In both countries, separate poverty lines were estimated for rural and urban areas within each region. In total, 5 poverty line regions were specified in Egypt and 13 in Mozambique, with the same delineation of regions used for both rounds of the Mozambique surveys. In each poverty line region, a basket of food products that satisfied basic calorie needs (WHO, 1985) was identified using information on the age and sex composition of the household and the recorded consumption patterns of poorer households. The cost of this basket, valued at prices prevailing within each region, is the food poverty line in each region. A nonfood poverty line was obtained for each region by calculating the share of food expenditures for households whose total food and nonfood consumption per capita was near the food poverty line. The total poverty line is obtained as the sum of the food and the nonfood poverty lines.
The original food, nonfood, and total poverty lines for Egypt are shown in Table 1 . They
show that the cost of basic needs is highest in the Metropolitan region, and generally higher in urban areas than in rural areas, with the nonfood poverty lines accounting for most of the difference between regions.
[ Table 1 about here]
In Mozambique, two methods were employed to obtain the food poverty line in 2002-03.
The first method simply updated the food poverty line by calculating the cost of obtaining the same bundles as 1996-97 but at 2002-03 prices. The inherent appeal of this approach is that it seems reasonable to assume that the same bundle will provide the same utility (assuming no change in preferences), thus satisfying the consistency criterion. However, the survey data also showed considerable changes in the relative prices of basic foods between IAF96 and IAF02, and that poor consumers' had adjusted their consumption patterns in response to the change in relative food prices. Ignoring these substitution effects tends to overstate the level of poverty lines and poverty rates.
The second method of updating the poverty lines for Mozambique was to create new food bundles based solely on consumption behavior of poor households in the 2002-03 survey. This method used the same procedure for constructing the poverty lines that was used in the IAF96 and the Egypt IHS. As expected, the poverty lines were considerably lower than those obtained by re-pricing the IAF96 bundles, because they incorporated substitution effects.
Food poverty lines for 1996-97 and 2002-03 in Mozambique are presented in Table 2 .
We focus on the food poverty lines in this case both for reasons of space and because the tests for revealed preference consistency that follow are limited to the CBN food bundles. Several patterns are noteworthy. First, in nominal terms the cost of the 1996-97 CBN food bundle doubled in most regions, and tripled in rural Nampula province. Second, the inter-regional variability of food poverty lines is much greater than that observed in Egypt. As in Egypt, the rural food poverty lines tend to be lower than the urban food poverty lines. Like Egypt, there is also a north-south component to the levels of food poverty lines, with food poverty lines tending to increase as one nears the capital city (the regions in Tables 1 and 2 [ Table 2 about here]
Revealed Preference Tests
As noted earlier, in Egypt and Mozambique it is only the food poverty line bundles that have explicit information on goods, quantities and prices. The nonfood poverty line bundles are determined from the nonfood budget shares, and their composition is not explicit. Thus, our tests for consistency with revealed preferences are limited to the food poverty lines, thus implicitly assuming that preferences are weakly separable over food items and other commodities. This assumption is common. Detailed information on nonfood items in the poverty line bundles is rare, especially in low income countries. With adequate data, it is straightforward to extend these tests to situations in which the specific items and quantities underlying the nonfood poverty lines are available.
Starting with Egypt, Table 3 inferior to all of the other bundles, as shown by the fifth row of the quantity index matrix. In contrast to this, the Lower Rural bundle appears to be of relatively high quality, because it is revealed preferred to all bundles except for Upper Urban (see column 3).
[ Table 3 about here]
The quantity index matrix for Mozambique's 2002-03 food poverty lines, focusing exclusively on spatial revealed preference conditions, is presented in Table 4 . Note that these are the food poverty lines calculated using "Method 2," which is based on prices and consumption behavior observed in 2002-03. These revealed preference tests pass only slightly better than half the time, and with only 9 mutually consistent pairs out of 78 possible. Note in particular that failures are consistently observed across row 3 (Nampula rural) indicating a low quality bundle in that domain. Consistent failures are also observed in columns 7, 8, 11, 12, and 13 (Manica, Tete, and Maputo) indicating relatively high quality bundles in those spatial domains.
[ Table 4 about here]
In summary, estimated CBN food poverty lines in both countries are inconsistent with the theory of revealed preferences, and are therefore not utility-consistent. In each country, there is one region in which the poverty line food bundle appears to be inferior (superior) to that that of all other regions. In these regions, the poverty lines represent a lower (higher) standard of living than the other regions, and poverty comparisons based on these poverty lines will understate (overstate) poverty in the regions with inferior (superior) bundles. Other violations of revealed preference conditions evident in Tables 3 and 4 would lead to similar inconsistencies in poverty comparisons and affect the poverty profiles. In addition, for the Mozambican case, Table 2 shows that some of the 2002-03 bundles fail temporal revealed preference conditions relative to the 1996-97 bundles leading to inconsistent poverty comparisons through time. In the next section, we attempt to resolve these inconsistencies.
V. Obtaining utility-consistent poverty line bundles and poverty comparisons
Before resorting to entropy estimation, we consider the scalar adjustment to the bundles described by Ravallion and Lokshin (2006) . Recall that there is no guarantee that a scalar adjustment exists. A necessary condition for the existence of a set of scalar adjustments that will satisfy the revealed preference tests is that the product of all mirror-image off-diagonal pairs in the quantity index matrix are greater than or equal to unity, or Q ij Q ji > 1 for all mirror-opposite (i, j). Applying this rule to With respect to the scalar adjustment for Egypt, two issues remain. First, the scalar adjustments are not unique, so some guidance is required for selecting one set of scalar adjustments from a potentially large number of feasible candidates. This is exactly the normalization equation issue discussed with respect to equation set (4). Recall that, when the same single normalization equation is employed, the scalar adjustment method and the proposed entropy estimator converge to the same solution. Second, the scalar quantity adjustments imply changes in the caloric content of at least some of the food bundles, which were initially pegged to average calorie requirements in each region. Although altering the caloric content of the food bundles provides a means (in the case of Egypt) of achieving consistency with revealed preferences, it also negates a basic premise of the food poverty line bundles, which is that each provides exactly the average calorie requirements given the demographic composition of the region.
In short, there are severe limitations to the scalar adjustment approach. Importantly, the approach is frequently infeasible. And, when it is feasible, it is not really desirable as achieving revealed preference consistency requires caloric content inconsistent with the demographic composition of the region. In contrast, the proposed entropy approach is more general than the scalar adjustment approach. In addition, as indicated in the discussion of equation set (4), arbitrary levels of calories for each region can be targeted.
Obtaining Consistent Food Poverty Bundles via the Entropy Estimator
The exigencies of the specific cases require some specific adaptations to the simple generic estimator presented in equation set (4). For example, the Mozambique case study incorporates both inter-temporal and spatial revealed preference conditions. That is, not only must the 2002-03 food poverty line bundle for region i cost no more than the food poverty line bundles from any region j (all evaluated at region i's price vector), but it must also cost no more than the food poverty line bundle for region i that applied in the earlier period, 1996-97 (and vice versa). To obtain utility-consistent food bundles in the Mozambican case, we solve the following constrained minimization problem. Two points are worth noting. First, constraint (5e) requires that the bundles in each region yield the same level of calories. In other words, revealed preference consistent bundles are estimated under the assumption of constant demographic composition, and hence constant calorie requirements, across all regions. To obtain the final bundles used for poverty measurement, these estimated bundles are rescaled to reflect differences in demographic composition and hence calorie requirements by region. As mentioned in the discussion of equation (4), the rooting of each region's bundles in calorie requirements is not strictly necessary for the estimation of utility consistent bundles but follows current standard practice in the estimation of CBN bundles.
Second, practical considerations indicate that it is advisable to exclude Maputo Province and Maputo City (regions 11, 12, and 13) from the revealed preference conditions that compare bundles across space. This choice is motivated primarily by the large differences in the mode of living that exist in Maputo. In particular, cash income and cash requirements are much more important in Maputo than in other regions. Also, opportunities to earn cash are more readily available. As a result, people in Maputo City-including those from lower income households-more frequently work outside the home and more frequently purchase services, such as prepared food or milled grain, than in other regions where these services are overwhelmingly produced within the home. The method employed to measure consumption counts all expenditures made outside the home but often ignores services produced and consumed at home, such as food preparation.
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This characteristic of the data helps to explain the nearly complete failure of revealed preference conditions in the Maputo columns of Table 4 . The failures might not be nearly so monolithic if the value of home produced services implicit in the bundles from other regions were included at Maputo shadow values on labor. As the data do not permit estimation of this value, we chose instead to exclude Maputo from the spatial revealed preference conditions (the temporal conditions are imposed). This choice is also consistent with the analysis from 1996-97 where revealed preference conditions for Maputo also failed badly.
Revealed preference comparisons for the entropy-adjusted food poverty lines for Mozambique are shown in Table 5 . All elements are now greater than or equal to unity, thus satisfying revealed preferences, as required by the constraints in the estimation procedure. Note that several of the off-diagonal elements are exactly equal to unity, meaning that consumers in region i can acquire region j's food poverty line bundle for exactly the same cost as region i's bundle. This occurs when one or more of the constraints are binding. Table 5 also illustrates the percentage change in the value of the food poverty line brought about by the entropy-adjustment procedure. Some adjustment occurs in every region.
Regions with more consistent revealed preference failures tend to experience a greater degree of adjustment. The poverty line is adjusted upwards in four out of five rural zones. The most dramatic adjustment occurs in the region "Rural Nampula", which had failed all row-wise revealed preference tests, indicating a low quality bundle.
[ Table 5 about here]
Although the Egypt food poverty lines meet the necessary conditions for the existence of a scalar adjustment to satisfy revealed preference constraints, the entropy estimator can also be used to find utility-consistent food bundles. An advantage to using the entropy estimator is that, by including constraint (5e), revealed preference consistent bundles can be attained under the assumption of constant demographic composition across regions. When applying the entropy estimator to the Egyptian data, constraints (5b) and (5c) are dropped because inter-temporal consistency is not an issue, and equation (5a) refers to quantities and prices in 1997, the year of data collection for Egypt. Table 6 presents revealed preference comparisons for the entropyadjusted food poverty lines for Egypt and illustrates the percentage change in the adjusted food poverty line from the value showed in Table 1 .
[ Table 6 about here]
Poverty Comparisons
How much do the changes in poverty lines affect poverty profiles? Using the same procedure for the original poverty lines described in section 4, we estimated revised nonfood poverty lines to complement the utility-consistent food poverty lines estimated via the entropy method and scaled to reflect differential calorie requirements due to differences in demographic composition of each region. The revised nonfood poverty lines differ from the original nonfood poverty line because the reference population used for computing the weighted average of the nonfood budget share changed because of the change in the food poverty lines. Poverty headcount estimates were calculated by comparing the new region-specific total poverty lines with nominal total household consumption per capita.
The Mozambique geographic poverty profile is shown in Table 7 . Estimates are shown for 1996-97 and for the three different approaches to estimating poverty lines for 2002-03.
Comparison of the last two columns illustrates the effect of imposing revealed consistency conditions on the poverty line bundles estimated from the 2002-03 data. The most notable difference occurs in Nampula, whose poverty headcount increases from 31 to 53% when utility consistency is imposed. Recall that rural Nampula's unadjusted food poverty lines failed all rowwise revealed preference tests in Table 4 , and therefore required considerable adjustment upwards, which likewise increased the poverty rates. Another notable difference is the 13 percentage point increase in the poverty headcount in Gaza province.
[ Table 7 about here]
Because Nampula is a populous province-about one in five Mozambicans live thereand because it is predominantly rural, the changes in rural Nampula's food poverty line bundle have a strong ripple effect to higher levels of aggregation. For example, the poverty ranking of rural and urban areas is reversed when utility consistency is imposed, largely as a result of the large increase in poverty in rural Nampula. The national headcount is also affected and is 6 percentage points higher (54% versus 48%) with the utility-consistent poverty lines, a very substantial change. Qualitatively similar results are obtained for the poverty gap (P 1 ) and squared poverty gap (P 2 ) measures (results available from authors upon request). When compared with other indicators of welfare, such as asset ownership, the poverty comparisons using the utilityconsistent poverty lines appear to be much more credible than the results using the utility-inconsistent poverty lines. This is true not only for Nampula and the comparison of rural and urban areas, but also for other inter-provincial comparisons (see MPF/IFPRI/PU, 2004 for further discussion of these comparisons).
The comparable results for Egypt are shown in Table 8 . As with Mozambique, the most noticeable changes are in the region that had the most serious revealed preference violations in the original poverty line bundles, which in Egypt's case is Upper Rural. When utility-consistent poverty lines are used, the poverty headcount in Upper Rural increases by 2 percentage points.
Urban areas that initially had superior bundles, namely Metropolitan and Lower Urban, see their headcount estimates adjusted downwards by 2 and 4 percentage points, respectively. Overall the difference in the poverty rates between rural and urban areas grows from 6 to 9 percentage points, with no net change in measured poverty at the national level. As in Mozambique, the changes in the estimates of P 1 and P 2 follow the same pattern as the changes in the headcount ratio (results available from the authors).
[ Table 8 about here]
VI. Conclusions
With the focus of international development resources increasingly turned toward poverty reduction, the demand for reliable empirical estimates of poverty levels has grown dramatically.
Governments and donors are particularly interested in making valid poverty comparisons across space and through time. In fluid developing country environments, generating these comparisons is challenging.
We present an information theoretic approach for estimating utility-consistent poverty lines, which builds on the poverty measurement approaches developed by Ravallion (1994 Ravallion ( , 1998 and Ravallion and Lokshin (2006) . Information theory is increasingly applied to numerous conceptually similar problems in empirical science across a variety of disciplines, and the practical application of this particular information theoretic approach is quite straightforward.
The proposed approach is applied to recent survey data from Egypt and Mozambique.
Revealed preference tests show that the poverty lines estimated through conventional means fail to satisfy this basic consistency criterion. These are not unusual cases. Gibson and Rozelle (1999) and Ravallion and Lokshin (2006) found similar revealed preference violations. Poverty measures obtained from utility-consistent poverty lines frequently differ substantially from those obtained using current best practice. We argue that these measures are preferred from a theoretical poverty measurement perspective. Empirically, the utility-consistent poverty estimates also conform more closely with other available information on correlates of poverty, such as asset ownership. Finally, in both country cases, poverty lines based on traditional methods for estimating CBN bundles that are not utility-consistent tended to overestimate poverty in urban areas and underestimate it in rural areas.
By permitting the development of region-specific (or temporally specific) bundles that are consistent with revealed preference conditions, the approach enhances both consistency and specificity of CBN bundles. Overall, we conclude that the proposed approach represents a powerful addition to the poverty analyst's toolkit and enhances the attractiveness of the CBN approach for practical poverty measurement problems. 
